
that exposure to traffic-related 
nnlllntanl.: intcluidlnl£ partltcullate matter is associated with 

were identified reeord~·based sur-
veillance (n 645 bom in North Carolina in 1996, 1998, or 
2000, and n 334 born in the San Francisco in California in 

were with children born in 
the same counties and years identified from birth records ( n 
in North Carolina and n 2,232 in to PM 
than 10 J&m at the birth address was 

ger1statisti1ca! lntl~rn<Jislton method 

increase in 

the child's first "'"'""'-"''Y' 
at11ina·ino for year, state, maternal education and age, raceletl!n.ici1:y, 

urbanization and median household 
no•nmmntetrie term for week of birth to account for 

seasonal trends, 
Re!ults: TenlPOI'Ill 

DOi: IOJ0971EDE.OOOOOOOOOOOOOJ73 

30 

3 October 2014. 
t.mrv"'''"'" ofWisroosin

Health, 
uu:!Vt:l~x•v of 

third-trimester concentrations to account for the 
were: first and third trirn"'''"·" 

Conclusions: adds to """";"'"q 
relation between traffic-related air and and adds 

similar in an eastern US state, with results consistent with 
susce!lltibiilitv in the third-trimester, 

utism is a dis~ 

1m1Palre<l social """"''""uu. 
restric:ted and behavior 

oo:ttetns. Autism manifests in functional deficits in relations 
work that last a lite:tim.e. aitteetml! 

age of I in 68 children in the US. 
chemical exposures that contribute to autism is JmOOl1atll. 

for environmental pwtut1uu 

nr~'"'""t autism. 
IJUI:nmtu~:S from vehicle wffic in 
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certain prenatal 
associated than others. 

area, 
known autism cases, and 16 children 

lnC!IlQeO 14 adO!pted 
I 

surveillance in ""'"11',.."'"'" 
for the of human health and ed11eational 
addition of birth certificate data and the ass.ignment 

2014 Lippirr,call Williams&: Wilkins 

exposures for this 
tutional Review Boards at the flntiv1•~n::itv 
and the Committee for the 

Develor>znetltal Disabilities Monitor-
network variables that further the 

plllene•tYJ:Ie for children the ease deftnition of autism. 
Information on the presence intellectual dis-

av<ntame in both the· sources 
varied as follows. In both states, 

di~lbility was defined as :S: 70 on starldar·diz;ed mttelligence 
~::uii.I!V<:~.uulmt or medical records. In North Car

" .. T,.....,,,. intellectual 

were born in the surveillance 
em·resom1dence between states and between 

the case groups and the source we linked cmmn:n 
with autism to state vital records restricted the 

to children horn within the 
, ,;;~.unul}.t in 680 with 

in 

exposure was based on each child's 
~"p•*"''a•a address. Both sites bad access to the com-

.n 
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a to the accuraey of 
location. we corrected and standardized all addresses 

32 I 

ZP4 software 20 

who were not 
edlltcatlon, which 

have resulted in 
mental ages. To 
ent with concentmtions and to enhance 

mcJrea:>e in 
was chosen because curves 

between concentmtions and autism exhibited mono-
tonic trends because this the best 

the lowest Akaike Information Criterion 
bertcc•mt:tare:d with alternate 

terms, 
We considered season of birth as an tmr\Or1'l'lnr 

tial confounder because it has been shown to 

concentrations also exhibit seasonal trends. Because we were 
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year, and state 
certificate data with evidence of association with autism and 

urban or less than t 00% 
Pronounced seasonal variation in air led to 

correlations and between exposure win
dows. Due to our examination of in 3-month time 

may have an mdlep1m<1ent 
thr·oueth its correlation with a 

to 
concentration 

may inflate or deflate 

outcome, 
concentration in another 

colltfOI.lllld) the observed 
for this potentJtaJ Clcmfourldiru! ........ ..,u ...... , 

also included terms for an additional 
rate sueh as the est11mate 

exposure 
We evalooted modification a factors of interest 

likelihood ratio tests of cross-
and the and the 

is in 
because child's sex has been shown to be a marker of sus-

Autism is a with 
case that may have different causal influences. To 
assess whether certain case were more or less sus-
cetmo;le to the influences of exposures, we examined 

groups with autism and co-
intellectual .... , ..... ,u•v 

and 

were 
ncJ:tOl'mi~O a 

residential mobility 
a subset of the North Carolina 

we our main restricted to families who 
did not move pregnancy. As of a ""'"'""'t" 
mc1uamg children from born in 1994 and 1996 

'-'"''u"'""· we obtained address in .... "",..;"""
Lex.isNe:x.Is. which dates when an autue::;s 

we not pregnancy as evidence 
that either the mother or father bad the same address on the 
estimated date as the address listed on the birth 

We then calculated ORs between 
and autism among children who could be and among 
the nested subset of children whose families did not move dur-

their gesrtat11on. 

of children differed between states 
ex<am]:lle, North Carolina included more black 

colnnarea with 

nOtl•HISPintiC, and to have 
Children wi.th 

autism were also less to in winter 
tor winter vs. summer birth 0.84 

to be born in winter 
months in California 

. We the seasonal n::~ttPn~<~ 
of avc:m£!e 

winter months in 
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TABLE 1. 

Trimester2 
Trimester) 
Pregnancy 
Postnatal quarter 
Postnatal qu!lrter 2 
Postnatal qumer 3 
Postnatal q!l!lrter 4 

34 

so 
EDC" 

day after trimester end 
I day after rrimester 2 end 

EOC" 
I day after DOB 

92 days after DOB 
days after DOB 

274 days after DOB 

End Day 

day before EDC 
dllys after EDCb 

88 days after trimester 2 start" 

DOB 

91 
DOB 

afterDOB 

(!I 

Week of birth did not appear to 
with the same association estimated 

without week and U 6 
for week of birth. 

state, ORs were similar between states for 
state in 

concentra
'"'"'"'~" ORs from 

cornpa,red with those from 

2014 Lipvtn.c:ott Williams & Wilkins 
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1994 
35 N=2,363 

Mean 24.5 
so 3.2 

" 30 

25 

1:") 20 

15 

Jan Jul 
Feb 
Mar 

36 I 

1996 

N =2,547 " Mean =24.0 
so =4.1 

.. .. 

Oct Jan 
1\1011 Feb 
Dec Mar 

1996 
35 N =2,228 

Mean 
so 

30 

0 

25 

20 

15 

Jan Jul 
Feb Aug 
Mar Sep 

differed from untraced 
t""""'"" had older mothers and 

22.9 
3.1 

Oct 
1\1011 
Dec 

1998 2000 
N 2,919 " 
Mean =25.0 
so =5.7 " § 

I " 
" 

" 
I 
" 

Jul Oct Jan 
Aug 1\1011 Feb 

Mar Jun Sep Dec Mar 

Max controls 

Q3 75% 

Median 
Mean 

Q1 25% 

Min 
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m 
0 
10 
0 ...... 
~ 
~ 
(!) 

10 
0 
0 
0 
0 
N 
N 
-..,J 

;§ 
;;s 
~ 
"' 
;§ 
;;:;:: 
~-

t..l 
-4 

Preoonceplion 

Trimester 
Trimester 
Trimester 

Windows for North Carolina '>'Y'i~Luuu 1 and California 

Additionally Adjusted for a Perinatal Exposure Winoow< 

Pustnatal Pustaatai Pustnatal fllstaatal 
P~oneeptinn Trimester I Trimester 2 Trimester) Quarter I Quarterl Quarter 3 Quarter4 

OR(95% Cl) OR (95'Y• CI) 0R(95%CI) 0R(95%CI) 0R(95%CI) 0R(95% Cl) OR{95%CI} OR(95%CI) 

0.84 (0.67-L06) 

0.86 (0.74-0.99) 

1.37 ( 1.14-1.64) 
u (0.83~1.47) 

0.81 0.75 {0.61-0.91} 0.92 

(0.59-0.98) 0.89 (0.73~·1.09) 0.82 (0.62-1.06) 

1.09 L20 (0.99-1.46) 0.99 



Postnatal quarter 3 

OR(95%CI)' 

0.92 (0.77~ Ul9) 

0.82 ({).68-0.98) 

0Jl4 (0.68·L04) 
lAO( 

(0.99··1.51) 
0. 75 ({).61·0. 92) 
0.79 (0.64~0.97) 

(0.94-L4l) 

Our results sug~ 
exposure in the is associated 

with that similar levels in earlier pregnancy do not 
increase the risk. This is consistent with all stud-

exposure metrics were not static 
but information on week-to-week vari-

en•vtr<>nnlleiirtal exposure in l pregnancy 
ext)osure in another trimesteiJ nmy lead 

Carolinaa: 645 

Califoraia 

OR(95%CI)' State<' 

espeet:ttlly diesel as well as from 
It can be emitted and 

cnc~mi.Cal reactions with sulfur dioxide and 
Our used 

mass, without information on chemical coxnp<>st-
mt1.ortl'!nt constituents of PM to 

carbon matter, 
The relative contribu

to PM mass varies in the US 
between the West coast and East coast and from season to sea
son within the 2 coastal 42 These PM cornpclsltJton:al 
n<>tt"'"'" pernaps could account for the differences we 

uu•l'!lliltu'"'' of associations between North Caro-
Our data did not of 

cornpc•sm.on, but 

includes matter that smaller in 
as well as PM between 2.5 and I 0 Jlm. 

b!CIIO!~ICfLIIY relevant to human health because it oeJiletrat•~s 
have been ideal 

"""'" ""'"· the EPA 

of utilized more information than in 
used to the nearest ,.,.,. .•• w~•v 

pol.atto•n between up to 3 or 4 closest momt<Jru:tll :>l<tUlHt:>, 

and the from 

Js I 
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0 -

North Carolina 
nCases= 645 
n Controls 12,434 

North ~<>•rnlir"" 
nCases=979 
n Controls 14,666 

%Cases Born 

% Controls Born 

exposures in our 
space. 

of· ·eXtl'Os·ure measurement error from 

earlier in pregnancy 
po1:en1:ially incurred a 
error, because these time 
time families to move. This 

bee:au11e it may 
as fol~ 
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TABlES. Association~ of Autism and 

Case 
Delaitlou 

Preconception 
Trimestor I 

Postnatal 
quarter 

Aulistlc Disorder 

OR(95%Cl)" 

0.65 

0.75 (0.6()0.94) 

(0,96~LSI) 

ASD-NOS 

Yes, n= lOll<; No, 11 12,434• 

0.55 (0.33--Ml) 

families who did not the first-trimester OR 
whereas the third-trimester OR was elevated. This 

had that the children 
who were traced were ll:'"••~;uu•y 
tus than the 

•m•..,nr~t!mt vv•·"'"''"'" confounder not mc1uc1ea 
put)llcatu:ms. We treated season as a proxy for the ,.,u·rerttlv 

unknown drivers of between season 
of and 

were diftenent 
the direction of this corlfo1mding 

so that when this 

40 I 

Norlll Carolina and Califonda 

Autism Willi C&·OC<~urlinl!' 
Intellectual Disability 

Yes,n 

OR(IJS%~1)• 

0.82 (0,67~ I. 02) 
0. 79 (0.63~0. 99) 

OR(95%CI)• 

..,,.,.l'i~inn su~t2e:sU111g that ove:r-allJUstmtent for season of birth 
was not of concern with this apJpro•aclt'l. 

The association with third-trimester 
ferent of 

and the co-occurrence of mtc~llectual UJL>QtJUU,]• 

robustness of these different case definition.>; may pro-
or could 

conJomrlattlg due to 
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such as cause immune impa1:ts, 
kine response sec·onelta:ry 
'""''"'""""m may he reSJIOnsible 

lead to more autism. 
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